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SOLUTION FOR THE PROBLEM OF HYDRAULIC POSITION
CONTROL IN CASE OF NONLINEARITY
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Abstract: The paper presents a solution for control of hydraulic position problem in case of
servomechanism, by using a sliding model control with a fuzzy boundary layer. A
nonlinear hydraulic servomechanism which has an asymmetric cylinder is modeled and
simulated first, and then the proposed control scheme is applied to this model versus the
conventional sliding mode control. Simulation results proved that the chattering free
position control is achieved by tuning the fuzzy scaling factors properly.
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1. INTRODUCTION

Over the last decade, hydraulic servomechanisms knew a very important progress in according with the
increased of the hydraulic system utilization, especially in the cases of mechatronic and robotic design. This
improved is determined by important characteristics like a high power ratio, fast response and high stiffness. In
the same time the hydraulic servomechanisms have some nonlinearities due to the friction sources and the flow
equations. Variable structure based sliding mode controller is well suited to nonlinear systems and offers
considerable advantages, in particular the property of robustness to model parameter uncertainty [2]. Recently,
the important studies have been addressed to sliding mode control applications in hydraulic servo systems. Some
authors successfully simulated the analog integral variable structure control on an electrohydraulic servo [1].
Moreover, some other investigations have been devoted to hydraulic systems by performing the sliding mode
control. But, several drawbacks limit the application of this method in practice. The undesirable chattering effect
arises due to the high switching frequency when the system operates in the sliding mode. In this study, a
hydraulic servo model was simulated and sliding mode control was applied to this model by introducing a fuzzy
boundary layer to reduce the chattering effect.

2. MATHEMATICAL MODEL OF HYDRAULIC SERVOMECHANISM

The dynamical equation of hydraulic servomechanism which drives the mass m (Fig.1) is
my+By+F =P A4 —PA, M

where P;, P, are the pressures at the cylinder chambers, 4;, A4, the piston areas, F is the friction force and y is
the displacement.

If the state variables are appointed as X, =y X, =y X, =F X, =P, the state equations can be

obtained as seen in the equations (2).
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Fig.1 The simplicity model of hydraulic servomechanism
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where B is the fluid bulk modulus, L is the total cylinder stroke, Q; and Q, are the flow rates at the cylinder
chambers which includes the valve control signal u, to provide a precise position control.

3. SLIDING MODE CONTROL

Consider the following nonlinear system

x=f(x,t)+B(x,t)u 3)

where X [JR"is the state variables of dimension n, # [1R" is the control variable, f{x,z) and B(x,{) are the
nonlinear dynamics of the system. If x,; denotes the reference trajectory, then the error between the reference and
measured system output can be defined as e = x;—x. Let s = 0 denote the sliding surface in the state space of the
error. The purpose of the sliding mode control is to force error vector e approached to the sliding surface and
then move along this surface to the origin. Therefore, it is required that the sliding surface is stable, and then the
error will die out asymptotically.

The discontinuous structure of a sliding mode controlleris ~ ©# = £sgn(s) “)
where s the switching function because the control action switches its sign on the two sides of the switching
surface s =0, ¢ is the control gain, s can be defined as: s=é+Ae %)
where € is the first derivative of error and 1 is a constant. sgn(s) is the sign function defined as:

-1 ifs<0

sgn(s)={1 if 50 (6)
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As well known, the control strategy must satisfy the sliding condition ss < 0. If this method is adapted to
hydraulic position control problem the error term should be written as

e= ydesired - yuctuul (7)
then the switching function can be obtained depending on the expression of (7).

Using a sign function often results in chattering phenomenon in practice due to the high frequency switching
near the sliding surface. This side effect should be avoided in the applications, therefore a boundary layer around
the switching surface is introduced to solve the chattering problem.

u= asat(i) (8)
®

N
where is the thickness of the boundary layer. In this relation saf(—) is a saturation function which is defined as

s lfﬁ <1
s._|® @
sat(—) = ©)
sen(>) if| >
p

4. THE CHATTERING PROBLEM

The introduction of the boundary layer around the switching surfaces reduces chattering at the cost of increased
tracking error. The variable boundary layer is a popular solution to this problem. In this paper, the fuzzy
boundary layer is proposed in order to improve the performance of the sliding mode controller (Fig.2). This leads
a strategy to adjust the thickness of the boundary automatically and this fuzzy system adopts the sliding surface s
as input and the thickness @of boundary layer as output. The normalized membership functions for input s and
output @are illustrated in Fig.3.

The knowledge base provides the membership functions and
rule base, but the former experiments were also used [7]. The
single input-single output rule base is presented below:

IF s is NE THEN g@is NE; where: NE: Negative

> IF s is ME THEN ¢ is ME ME: Medium
IF sis ZE THEN ¢ is ZE ZE: Zero
IF s is PO THEN ¢is PO SM: Small ; PO: Positive

Fig. 2 Fuzzy boundary layer
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Fig. 3 The membership functions for s, @

5. SIMULATION RESULTS

The mathematical model of hydraulic servomechanism was simulated by applying conventional and fuzzy
sliding mode control respectively. It was used an asymmetric hydraulic cylinder with '2 surfaces ratio which
drives a load m=50 kg with total stroke L=1m. The other parameters were chosen as p= 1,4 10° N/ m’, supply
pressure Ps=75 10° Pa, desired position y, =0,5 m. In the fig. 4 we present the results for cylinder position and s
function.
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Fig. 4 The results for conventional sliding mode control a ) cylinder position b) s function

055
054 | :
- 052

(
[=3
&

050

position (i

o =
BB
w"\)LLD—‘NmpM

047 bk ) USRS U OO PRS- WO UG SO SO SO

0,46
0,45

m B
L

001020320405 0607 08091 S 01 02030405 0607 08 091
time (s) time (s}

a b
Fig. 5 The results for fuzzy sliding mode control a ) cylinder position b) s function

The gain of discontinuous term in sliding mode control was determined as €=4. Initial conditions are y(0)=0,1m,
y(0)=0, Py (0)=32 10° Pa and P,(0)= 43 10° Pa. The simulation results for conventional SMC are presented in
Fig.4. The piston position s function, are the performance criteria were chosen. The desired position is reached in
0,12 s, but the chattering phenomena does obviously exist at the system responses. The results with the fuzzy
boundary layer are presented in Fig. 5. The scaling factors were determined by using the trial and error method
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to obtain the optimal solution as 10 K,= 10 and K = 0,0001. The results depend on these tuned parameters show
that the fuzzy boundary layer achieve to filter the chattering completely on the switching surface in
approximately 0.12 s. This reach time is the same as previous application.

6. CONCLUSION

A nonlinear hydraulic position control system was modeled and simulated in this study. After the conventional
sliding mode control application, a fuzzy boundary layer was proposed to avoid the chattering effect and the
simulation results showed that if the fuzzy parameters are optimized conveniently, the chattering phenomena can
be fully filtered by obtaining an accurate position control without any time delay. Certainly, some other fuzzy
sliding mode control and some modern optimization techniques such as genetic algorithms can be developed to
tune the fuzzy control parameters precisely for the future studies in hydraulic position control area.

REFERENCES

[1] Sohl, G.A., Bobrow, J.E. Experiments and simulations on the nonlinear control of a hydraulic servosystem
Control Systems Technology, IEEE Transactions on, 1999

[2] Vasiliu, N.,Vasiliu, D., Seteanu, 1., Radulescu, V. : Fluid Mechanics and Hydraulic Systems, Technical Press
House, Bucharest, 1999;



